The ultraviolet nitric oxide spectrometer (UVNO) experiment on the Atmosphere Explorer D (AE-D) satellite measured thermospheric nitric oxide during the winter of 1974-1975 using resonant fluorescence from the 1-0 gamma band of the molecule. Almost complete latitude coverage was obtained, but the observations were confined to morning local times close to 0900. The 1-0 gamma band intensity profiles measured by the instrument were inverted to provide vertical profiles of the NO number density between about 90 and 200 km. Typically, the measured NO concentrations reached a maximum between altitudes of 100 and 110 km, and more NO was observed at higher latitudes than at low latitudes, in agreement with previous observational studies. The shape of the NO profile was also found to be a function of latitude, with a plateau appearing in the profile near 130 km for low latitudes and mid-latitudes in the winter hemisphere.
OGO
4 measured NO both at mid-latitudes and in the auroral region [Rusch, 1973; Rusch and Barth, 1975 ; G•rard and Barth, 1977] . Nitric oxide tangential column densities for thermospheric altitudes were also measured by the ultraviolet spectrometers (UVNO)on both the Atmosphere Explorer C and D satellites (AE-C and AE-D). These instruments, which were described by Barth et al. [1973] , measured sunlight fluorescently scattered in the 1-0 gamma band of the molecule at from about 90 km to 200 km for a range of latitudes and magnetic activity levels. We use measurements of nitric oxide from orbits of AE-D for which the satellite was spinning and was thus capable of making altitude scans below the spacecraft altitude.
MEASUREMENTS AND DATA ANALYSIS
The The AE-D satellite spin rate was 4 revolutions per minute around an axis perpendicular to the orbital plane. The limb was scanned twice per spin period by the UVNO instrument so that two profiles of the NO 1-0 gamma band intensity versus tangent ray height were obtained for each spin cycle. The signal for tangent ray altitudes below about 90 km was contaminated to some degree by Rayleigh scattered light, although some data sets were corrected for this and thus provide useful gamma band intensities down to 75 km.
The signal integration time of the instrument was 21 ms, and the field of view was 0.25 ø . These parameters limited the vertical resolution obtainable by the instrument when observing an atmospheric layer with a tangent ray height (trh) of 105 km to approximately 10 km for spacecraft altitudes close to 200 km and to approximately 7 km for a spacecraft altitude of 150 km. Consequently, for this paper we did not use data collected when the satellite was above 200 km (or 210 km for some data sets).
Cravens [1977] derived a relation between the slant column density of nitric oxide and the intensity of scattered sunlight from the 1-0 gamma band of the molecule. This relation was convolved with the instrumental sensitivity function in order to give a curve of growth function between the instrumental counts recorded during an integration period and the slant column density of NO. Stewart and Cravens [1978] presented this function for the UVNO spectrometer on the AE-C satellite. The function for the AE-D instrument is virtually identical to the AE-C one if the AE-C function is multiplied by a factor of 1.83. The number of instrumental counts per kiloRayleigh is 40.35 for AE-D measurements of optically thin 1-0 gamma band emission.
We have organized the UVNO data from AE-D in several ways. The total number of spin cycles available was close to 10 '•, although only a fraction of this total quantity of data was included in any particular data set. The most basic form of the data, which will be discussed in this paper, consists of the instrumental counts (denoted C) at a particular tangent ray height. Typically, during half of a spin cycle, approximately 25 data points were collected for tangent heights varying from 75 km up to the spacecraft altitude. These data points were then averaged, filtered, rejected, etc., depending on which type of data set they are being assigned to. The instrumental counts were usually converted into slant column densities of NO using the curve of growth discussed earlier.
Some of the vertical profiles of column density were further inverted to give vertical profiles of NO number density using an inversion routine. The column densities were taken every 5 km and were then inverted to give NO number densities every 5 km. The effective altitude resolution of the measurements is somewhat greater than 5 km, as discussed above, so that it does not make sense to invert the data at a higher resolution. An Abel-type inversion was utilized with the assumption of spherically symmetric layers of NO. The NO number density was assumed to vary linearly between the discrete altitude values (every 5 km). The inversion procedure was checked by integrating the derived number densities along horizontal optical paths. The column densities obtained in this way from the inversion routine agreed almost identically with the original observed values. It was necessary to extrapolate the column density profile (actually the C profiles were extrapolated) to altitudes above the spacecraft altitude for which no data exist. This extrapolation was one of the major sources of error in the inverted profiles and will be discussed more later. Now we will characterize the different data sets which will be discussed in this paper.
Individual NO Profiles
Each of these data sets consists of data from three consecutive spins of AE-D and will be displayed in the form of both instrumental counts (c) versus tangent ray altitude and NO number density versus altitude. Only data above 90 km were inverted in order to avoid serious Rayleigh scattering contamination problems.
Average NO Column Density Profiles (Contour Plot)
Data points from a large number of spins were first converted into slant column densities and then sorted into 1 ø x 1 km latitude/altitude bins. The data in each bin were then averaged, and a contour map was constructed. Tangent ray altitudes as low as 75 km were included, but the NO profiles were corrected for Rayleigh scattering contamination. This contribution was subtracted individually from each profile (group of three consecutive spins) by fitting a decreasing exponential curve to the total signal measured near 75 km. The scale height of the exponential is determined from the best fit to five data points in the vicinity of 75 km. The NO gamma band resonance scattering intensity was obtained by subtracting the Rayleigh scattering fitted curve from each of the experimental data points of the observed profile. The maximum permissible satellite altitude was 200 km, and both the ram and the wake parts of spin cycles were included, although only data for which the entire optical ray path was illuminated by the sun were considered acceptable. Finally, a data set containing data points from 3975 satellite spins was compiled.
Simplified Inversion
Data from three consecutive spins, basically the same as those mentioned for the first type of data set, were converted into slant column densities and were then fitted with either a simple three-parameter function or a two-parameter function. These functions are analytically integrable and thus provide a very efficient means of inverting large numbers of column density profiles into number density profiles. The procedure here was similar to that described for the data set in section 2.2. Data of the type discussed in section 2.1 were averaged using latitude/altitude bins which were 5 ø x 5 km, rather than 1 ø x 1 km as in section 2.2. However, only every other latitude bin was used; that is, averaged data are available every 10 ø in latitude. Ttiis data set contained almost 2000 spins. Average values of the instrumental counts were thus obtained as a function of altitude and latitude. Next, these profiles were converted into column densities. The average column density profiles, which are specified at 5-km intervals, were then inverted at each latitude to give NO number densities. The inversion was applied only above 90 km in order to avoid problems with Rayleigh scattering. A contour map of NO number density for altitude and latitude was then constructed from these inverted data.
We have just described the four different ways in which the data have been organized. Now these four different types of data sets will be used to investigate several aspects of the global variation of NO.
OBSERVATIONAL RESULTS

Individual NO Profiles
We will present nine individual NO profiles in this section for several different latitudes and levels of magnetic activity (Figures 1-9 ). Zonally and temporally averaged NO profiles are displayed later in the paper in a contour plot (Figure 14 'The number density profile (upper scale) derived from the C profile also has a 30-km scale height at higher altitudes and has a peak density of 3 x 10 7 cm -3 at an altitude of 110 kin.
It is clear from this figure that the number density profile is not very sensitive to the actual choice of the high-altitude extrapolation. Figure 2 shows a summer mid-latitude profile (45øS) for magnetically active conditions. C is 3000 at 100 km and 2500 at 105 kin, corresponding to 1350 AE-C counts at 105 kin, which again agrees with the AE-C measurements for this level of activity . The peak concentration is now l0 s cm-3 at an altitude of 100-105 kin. The density rapidly decreases above the peak and then levels off near 120 km. 
Simplified Inversion
Each of the individual profiles that went into Figure 10 was fitted with a simple two-or three-parameter function and then inverted, as described earlier. Figure 11 shows the latitudinal distribution of the maximum NO concentration deduced from these fits to the observations. The overall trends are the same as those which were evident at lower altitudes in Figure 10 . The smallest values of the peak density, n,., are located near 20øN, and there is a gradual gradient in n,. in the southern hemisphere and a sharper gradient in the northern hemisphere. Data from the mid-January storm were removed from this particular set of data, and so the localized enhancement near 50øS is not present. Even so, the amount of scatter is fairly large, especially in the northern mid-latitude region where the peak NO density changes from 107 to 108 cm-3. Figure 11 . In fact, the n= derived from the simple inversion procedure agrees quite well with the nm in Figure 14 at most latitudes. However, the simple inversion does give n m values that are about 50% less than the more sophisticated inversion for latitudes between about 20øS and 30øN. An examination of either Figure 11 or 14, or some appropriate individual profiles, shows that in this range of latitudes the NO profile cannot accurately be described using a single scale height. Applying the simple two-or three-parameter fit and inversion to these more complicated profiles results in estimations of n= that are somewhat too small. For example, near the equator the NO distribution just above the peak has a scale height of approximately 20 km, but between 120 km and 170 km or so the scale height is about 70 km, and for altitudes above 170 km the profile is best described with a 30-km scale height. There are some latitudes at which the average NO distribution can be described using a single scale heightrathe topside scale height is a reasonably constant 30 km or so at middle and high southerly latitudes. However, even at these latitudes, some of the individual profiles (if not the average) appear to have a more complicated structure (e.g., Figure 2 ) which the averaging procedure obscures.
The distribution of NO versus latitude for altitudes greater than 180 km or so has relatively simple structur•NO is more abundant in the summer hemisphere (S) than in the winter hemisphere (N). This is in agreement with the despun AE-D data at 200 km reported by Cravens [1981] .
We will now discuss a possible source of error in the derived NO densities at higher altitudes (above 170 km). Victor and Dalgarno [1982] 
DISCUSSION
We have presented thermospheric NO densities measured by the UVNO instrument on the AE-D satellite for conditions of solar minimum, solstice, and approximately 0900 local time.
The latitude and altitude distribution of nitric oxide was emphasized in this paper. We have reconfirmed the variations of NO with latitude and level of magnetic activity that the AE-C observed at 105 km, as well as the trends observed at higher altitudes by AE-D during despun orbits. The present study has contributed to our understanding of the shape of the NO altitude profile and how it varies with latitude.
The contour maps (Figures 11 and 14) illustrate that even for average magnetic activity conditions there is a substantial latitudinal gradient of NO in the lower thermosphere, especially in the winter hemisphere. The individual profiles (Figures 1-9 ), as well as other studies such as those by Cravens and Stewart [1978] demonstrate that the amount of NO at middle and high latitudes strongly depends on the level of magnetic activity.
Zonally averaged and time-averaged pictures of the NO distribution such as those presented in this paper do not present a complete picture. An examination of even a timeaveraged global (i.e., both latitude and longitude) map of NO at 105 km indicates that the actual latitudinal gradient of NO at a fixed longitude is usually much sharper than the gradient of the zonally averaged NO. Time-averaging NO over periods of time covering a range of magnetic activity also softens the latitudinal gradient, whereas the gradient for a specific time would be sharper. Nitric oxide has been measured on rocket flights using either the resonance scattering technique during daylight conditions or the ion composition analysis technique. The peak NO concentrations measured by rocket experiments for low and middle-latitudes are in general agreement with those presented in this paper for comparable solar activity, magnetic activity, and local time conditions. The shapes of the low-and mid-latitude NO profiles measured by rockets and AE-D are similar. For instance, NO was measured at 38.7øN latitude in December and from 110 to 300 km during very quiet magnetic conditions on the rocket flight of Thomas [1978] . The peak density of 6.2 x 106cm -3 is comparable to the low values reported in this paper for comparable latitudes and quiet magnetic conditions. The shape of this rocket profile above the peak exhibits a pronounced plateau above 120 km and is very similar to the shapes of the altitude profiles reported here for low latitudes and/or for relatively quiet conditions (see Figure  5, 10, or 14) .
The rocket data for high summer latitudes show peak NO densities which are typically between 108 and 10 9 cm-3 [c.f. The shape of the theoretical altitude distribution of NO is also in fairly good agreement with the observations. Both the theory and observations indicate that NO at 200 km is more abundant in the summer hemisphere than in the winter. At intermediate altitudes the situation is somewhat more complicated, but the theory does give some indication of the 120-km to 180-km low-latitude plateau in the NO concentration that appears in the data and which has been discussed earlier in this paper. There is also qualitative agreement between theory and experiment concerning the shapes of the vertical profiles in the vicinity of the maximum NO concentration. Figures 10 and 14 both show that the peak in the summer hemisphere is rather narrow, or sharp, and is well defined with a rapid decrease toward the mesospheric "dip" at lower altitudes. And the peak in the winter hemisphere is rather broad with only a gradual drop-off in density below the peak. The twodimensional model of G•rard et al. correctly reproduces these observational features qualitatively. The NO profiles measured by rocket experiments also confirm this behavior of the NO near and below the maximum. Solomon et al. [1982] have explained this behavior by a combination of lower predissociation rates in the winter and larger eddy diffusion coefficients in the winter than in the summer.
In summary, the UVNO experiment measured the altitude and latitude distribution of nitric oxide in the thermosphere. These measurements are characterized by morning local time, solar cycle minimum, and relatively quiet magnetic conditions. Both individual NO profiles and zonally and time-averaged latitude/altitude distributions were presented. Future experimental studies should combine the latitude (or magnetic latitude) and longitude coverage of the 105-km AE-C studies Stewart and Cravens, 1978] with the altitude coverage of this AE-D study. That is, threedimensional data sets should be constructed and analyzed. More sophisticated and higher-resolution inversion techniques should be applied in the auroral regions in order to resolve some of the differences between satellite and rocket measurements of high-latitude NO. The AE-C and D data sets contain more spatial and temporal information than we have utilized in this paper, and it would be instructive to apply to these data the more sophisticated techniques just discussed. Of course, three-dimensional theoretical models will then be required to interpret these more complex data sets.
